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Preview activity: 3.4 Trigonometry 4
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Preview activity 3.4. Solution
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Introduction
• Analytic trigonometry combines the use of a 

coordinate system with algebraic manipulation of 
the various trigonometry functions to obtain 
formulas useful for scientific and engineering 
applications.

• Trigonometric identities help to solve problems in 
many different areas such as

▪ Music. Sound waves ▪ Sports. Path of javelin
▪ Surveying
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Using addition formulae
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Cosine of difference

Sketch of Proof:   Using the distance formula

Using the Law of Cosine (the proof in 3.5)

*

**

Comparing * and **,
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Proofs of Cosine of sum, Sine of 
sum and difference, tangent of 

sum and difference formulae are 
given in additional questions 1-5
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Example 1: Given that sin(A) = – 3/5, where              
π < A < 3π/2 , and cos(B) = – 12/13, where B is 
obtuse, find the exact values of

C

AS

T

Angl
e BAngl
e ASince A is in QIII,           

Since B is in QII,            
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Example 1: Given that sin(A) = – 3/5, where    π < A 
< 3π/2 , and cos(B) = – 12/13, where B is obtuse, find 

the exact values of
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Your turn! 

•  



Foundation Year Program

2019-2020

Solution

Definition of f

Addition Formula
for Sine

Factor

Separate the fraction

This will be used in Calculus to derive that the 
derivative of sine is cosine
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Example 2
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Let θ = cos–1x and φ = tan–1y. 
We sketch triangles with
angles θ and φ such that cosθ = x and 
tan φ = y. 

cos θ = x tan φ  = 
y

Solution
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Double angle formulae



Foundation Year Program

2019-2020

Prove double angle for sine

Prove

Using addition formula for sin(A + A):
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Proofs for Cosine and tangent 
of double angle formulae are 
given in additional questions 

6-7
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Using the formula for double angle

cos x

  



Foundation Year Program

2019-2020

Example 4: By writing the following 
equations as quadratic in tan(x/2) solve 

, for    
Using the double angle formulae and Pythagorean 
identity:
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Dividing by                        and rearranging 
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Your turn!

Solve                                 for                    .
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Foundation Year Program

Using                 formula:

cos x

sin x

Your turn! 
Solve                               for                      .
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Using double angle formulae to prove 
identities

Foundation Year Program

Example 5: Prove
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Foundation Year Program

Example 6: Prove
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Foundation Year Program

Your turn!

Prove
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Foundation Year Program

Your turn!
Prove
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Half-angle formulas

 

Homework: prove for cosine and tangent
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Half-angle formulas
Using formulas for lowering powers
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Example 7

Solution:
Since 22.5° is half of 45°, we use the 
Half-Angle Formula for Sine with u = 45°. 
We choose the + sign because 22.5° is in 
the first quadrant:

Half-Angle Formula

cos 45° = 

Find the exact value of sin 22.5°.
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Using R-formulae to solve equations

Foundation Year Program
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Foundation Year Program
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Foundation Year Program
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Foundation Year Program

Example 9: Solve
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Foundation Year Program
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Foundation Year Program

 

 

Alternative expression for the previous example
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Without differentiating find the maximum value of                                         

 

Example 10
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Foundation Year Program

38

Without differentiating find the maximum value of                                         

 

Example 10. Solution

Therefore, the maximum value is 13. It is attained when

that is, when 
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Your turn!

Solve                           
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Foundation Year Program

Your turn! 

Solve                           
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OR

But since                 , the only solutions are     
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Using factor formulae
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•  

 (1) + (2)
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Sum-to-Product formulas

Foundation Year Program

Sums and differences of sines and cosines can be expressed 
as products of sines and/or cosines by using the “factor 
formulae”: 
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Example 11

•  
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Example 11. Solution

•  
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Foundation Year Program

Example 12: 

Solve
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OR                          
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Prove that

Using factor formula for sines 

Using factor formula for cosines 

Example 13
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Your turn!

Prove that
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Foundation Year Program

Your turn!

Prove that

Using factor formula for sines 

Using factor formula for cosines 
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Prove

Additional Question 1
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Additional Question 2

Prove
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Additional Question 3

Prove
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Additional Question 4

Prove
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Additional Question 5

Prove
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Additional Question 6

Prove
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Additional Question 6



Foundation Year Program

2019-2020

Additional Question 7

Prove
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Prove that expressions of the form                           

where a>0 and b>0, can be expressed in the following form

Additional Question 8(a)
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a

b

α

ᵝ

Using difference formula for cosine

Additional Question 8(a)
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Prove that expressions of the form                      

where a>0 and b>0, can be expressed in the following form

Additional Question 8(b)



Foundation Year Program

2019-2020

Foundation Year Program

64

Using addition formula for sine

b

a

α

ᵝ

Additional Question 8(b)
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Learning outcomes

3.4.1 Apply the addition and subtraction 
formulas, the half angle and double angle 
formulas, R-formula, the product to sum 
formulas and the sum to product formulas 
to simplify expressions or prove identities

3.4.2 Solve trigonometric equations 
involving multiple angles
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Preview activity: 3.5 Trigonometry 5
Hearing Test
People can hear sounds at  frequencies from about 20 
Hz to 20,000 Hz, though we hear sounds best from 
1,000 Hz to 5,000 Hz. Dogs can hear from about 64 Hz 
to 44,000 Hz!

In this video, you can hear the sound at frequencies 
from 20 Hz to 20,000 Hz and see their corresponding 
waves. 
Do the quick test and see how much you can hear. 
Also, observe how the sound and its wave change 
when the frequency becomes higher.


